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Form one or more recesses 1n a 400
semiconductor water.

Deposit conducting materials into the

recesses, forming the through vias 410
in the wafer.

Form semiconductor devices 490

in the wafter.

Deposit an interlayer dielectric 430
(1LD) layer on the water.

Form contacts in the ILD to make

electrical connection to selected ones 440
of the through vias.

Figure 4
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Attach a front-side of a first water having one or
more TSV to a carrier bond , exposing a 700)

back-side of the wafer.

Remove a portion of the substrate material on
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a back-side connection to the TSV.
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connecting to the exposed back-side 720
connection to the TSV.

Align the bonding contacts with one or more 790)
bonding surfaces on a second wafer.

Figure 7
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1
METHOD OF FORMING STACKED DIES

TECHNICAL FIELD

The present invention relates generally to integrated circuit
tabrication, and more particularly to a method of forming
stacked dies having one or more through-silicon vias.

BACKGROUND

Generally, the speed at which an integrated circuit operates
1s influenced by the distance between the farthest separated
components that communicate with each other on the chip.
Laying out circuits as three-dimensional structures has been
shown to significantly reduce the communication path length
between on-chip components, provided the vertical distances
between the layers are much smaller than the chip width of the
individual layers. Thus, by stacking circuit layers vertically,
the overall chip speed 1s typically increased. One method that
has been used to implement such stacking is through water
bonding.

Water bonding 1s the joining together of two or more semi-
conductor wafters on which integrated circuitry has been
tformed. Waters are typically joined by direct bonding of
external oxide layers or by adding adhesives to interlayer
dielectric (ILD) layers. The bonded result produces a three-
dimensional water stack which i1s subsequently diced to
separate “stacked dies”, with each individual stacked die
having multiple layers of integrated circuitry. In addition to
the imncreased speed that the three-dimensional circuitry typi-
cally experiences, water stacking offers other potential ben-
efits, including improved form factors, lower costs, and
greater integration through system-on-chip (SOC) solutions.
In order to enable the various components integrated within
cach stacked die, electrical connections are provided that
provide conductors between vertical layers. Through silicon
vias (ISVs) are typically fabricated to provide vias filled with
a conducting material that passes completely through the
layer to contact and connect with the other TSVs and conduc-
tors of the bonded layers.

In an existing TSV formation process, TSVs are formed
alter the CMOS device formation 1n a waler substrate or even
aiter the top metallization process. One disadvantage of form-
ing TSVs after the CMOS process or metallization process 1s
that the density of vias 1s typically less because of etch and
design limitations. Etching through metallization layers does
not typically result in a recess that would allow for a particu-
larly dense TSV. Moreover, again because the process etches
through metallization and contact regions, the design of the
via 1s limited based on the existing structures of the metalli-
zation layers and contact regions. Thus, designers will typi-
cally have to design the TSV network around the existing
metal layers and contact traces. This limited design and den-
sity potentially creates connection, contact, and reliability
problems.

A further limitation to the existing TSV formation process
1s the limited depth to which TSVs may be formed 1n a wafer
substrate. Due to the existing structures of the metallization
layers, an etch process typically employed to form TSV open-
ings 1 a waler substrate proceeds 1n a waler substrate to a
limited depth that 1s significantly less than a substrate thick-
ness. As an example, a typical plasma etch process may be
used to form TSV openings with depth of from about 25 to
about 50 microns, compared with a typical silicon wafer
substrate ol about 700 microns. Back grinding 1s typically
used 1n thinning the water substrate to a thickness of less than
100 microns, and exposing the TSVs 1n order to connect
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stacked dies. However, this practice may significantly reduce
the mechanical strength of a watfer substrate as a solid foun-
dation for the integrated circuit (IC) formed thereon. More-
over, an overly-thinned watfer substrate 1s prone to breakage,
thus significantly impacting the overall IC product yield.

SUMMARY OF THE INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
preferred embodiments of the present mvention which pro-
vide for the formation of TSV's prior to metallization process-
ing. TSVs may be fabricated with increased aspect ratio,
extending deeper in a waler substrate. The method generally
reduces the risks of overly-thinning a wafer substrate 1n a
waler back-side grinding process typically used to expose and
make electrical contacts to the TSVs. By providing deeper
TSVs and bonding pads, individual wafers and dies may be
bonded directly between the TSVs and bonding pads on an
additional water.

In accordance with a preferred embodiment of the present
invention, a method of fabricating a stacked integrated circuit
(IC) semiconductor die comprises the steps of forming one or
more recesses 1n a first semiconductor wafer, filling the one or
more recesses with conducting material to form one or more
through-silicon vias 1n the first semiconductor water, forming
one or more bonding contacts on a front-side of the first
semiconductor watfer, attaching the front-side of the first
semiconductor water to a waler carrier, exposing a back-side
ol the first semiconductor wafer, thinning the back-side of the
first semiconductor water until the one or more through-
s1licon vias are exposed and slightly protrude the back-side,
and aligning and bonding the one or more through-silicon
vias with corresponding one or more bonding contacts on one
or more bonding surfaces on a second semiconductor die.

In accordance with another preferred embodiment of the
present invention, a method of fabricating a stacked inte-
grated circuit (IC) semiconductor die comprises the steps of
providing a first semiconductor wafer having one or more
through-silicon vias formed in a substrate, attaching a front-
side surface of the first semiconductor waier to a water car-
rier, exposing a back-side of the first semiconductor water,
thinning the back-side of the first semiconductor water until
the one or more through-silicon vias are exposed and slightly
protrude the back-side, forming one or more first bonding

contacts 1n a metallization 1nsulator layer over the thinned
back-side of the first semiconductor wafer, the one or more
first bonding contacts being electrically coupled to the one or
more through-silicon vias, providing a second semiconductor
work-piece having one or more second bonding contacts on a
bonding surface of the second semiconductor die, and align-
ing and bonding the one or more first bonding contacts on the
first semiconductor water to the corresponding one or more
second bonding contacts on the second semiconductor work-
piece.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereol, reference 1s now made to the
tollowing descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FIGS. 1A-1M are cross-sectional views of a waler having
through vias formed according to one embodiment of the
present invention;
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FIG. 2 1s a cross-sectional view of a waler having through
vias formed in the substrate and dielectric layers according to

one embodiment of the present invention;

FI1G. 3 1s a cross-sectional view of a waler having through
vias formed 1n the substrate and dielectric layer according to
one embodiment of the present invention;

FIG. 4 1s a flowchart illustrating example steps executed to
implement one embodiment of the present invention.

FI1G. 5 1s a flowchart illustrating example steps executed to
implement one embodiment of the present invention;

FIG. 6 1s a flowchart illustrating example steps executed to
implement one embodiment of the present invention; and

FI1G. 7 1s a flowchart illustrating example steps executed to
implement one embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

L1

The making and using of the presently preferred embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied 1n a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the mvention.

With reference now to FIG. 1A, there 1s shown a cross-
sectional diagram of water 10. Wafer 10 comprises substrate
100, which 1s typically silicon (S1), but may also be made of
gallium arsenide (GaAs), galllum arsenide-phosphide
(GaAsP), indium phosphide (InP), galllum aluminum arsenic
(GaAlAs), indium gallium phosphide (InGaP), and the like,
and 1illustrates devices 101 A, 101B, and 101C processed 1n
substrate 100. In FIG. 1B, insulating layer (also sometimes
referred to as mter-layer dielectric or ILD layer) 102 1s depos-
ited on substrate 100 of water 10. Examples of such insulating
material imclude silicon dioxide and phosphosilicate glass
(PSG). Etching 1s performed on water 10 to create through-
silicon-via (TSV) recesses 103 and 104, and contact openings
111A,111B,and 111C 1 ILD layer 102, as shown in FIG. 1C.
In order to prevent any conducting material from leaching
into any active portions of the circuitry of water 10, liner
dielectric 105, such as silicon mitride, 1s deposited 1n a con-
formal layer over water 10, including TSV recesses 103 and
104. In one preferred embodiment, TSV recesses 103 and 104
cach has a dimension (e.g., diameter) from about 5 microns to
about 50 microns and an aspect ratio from about 12:1 to about
3:1.

A layer of conducting material, conductor 106, 1s deposited
onto water 10, as shown 1n FIG. 1D. The conducting material
may comprise various materials, such as copper, tungsten,
aluminum, gold, silver, and the like. Conductor 106 fills TSV
recesses 103 and 104, and contact openings 111A,111B, and
111C. After removing the excess portions of conductor 106,
either through etching, chemical mechanical polishing
(CMP), or the like, water 10 now comprises contacts 118A,
118B, and 118C 1 ILD layer 102 and TSVs 107 and 108,
which are simultaneously formed in substrate 100 and ILD
layer 102, as shown 1n FIG. 1E.

In another embodiment, contacts 118A, 1188, and 118C
may be formed prior to the formation of TSVs 107 and 108. In
additional and/or alternative embodiment, contacts 118A,

118B, and 118C may be formed after the formation of TSVs
107 and 108.

Continuing in FIG. 1F, through a typical back-end-of-line
(BEOL) process flow used 1n an IC fabrication process, a first
interconnect layer (M1 layer) 1s deposited and patterned on
waler 10, forming first interconnect traces 120A-120C
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4

coupled to devices 101 A-101C through contacts 118 A-118C,
respectively, and forming contact pads 124 and 125 coupled
to TSVs 107 and 108, respectively. A first inter-metal dielec-
tric layer (IMD) 200 1s deposited on water 10. A second
interconnect layer (M2 layer) 1s deposited and patterned on
waler 10, forming interconnect traces 210 through existing
techniques, such as a dual damascene process. In a similar
manner, interconnect traces 310 are formed 1n a third inter-
connect layer (M3 layer) overlying the interconnect traces
210 1n the second interconnect layer, separated by second
IMD layer 300. The process of forming the interconnect
structure on water 10 may continue in the upper interconnect
layers until the desired interconnections between the various
devices and features 1n wafer 10 are made. Conducting mate-
rial used for the mterconnect traces in the various intercon-
nect layers may comprise various materials, such as copper,
tungsten, aluminum, gold, silver, and the like. It 1s noted that
vias are typically used to couple the TSVs 107 and 108 to
interconnect traces 1n the upper iterconnect layers (M2 and
above layers) through contact pads 124 and 125. As an
example, contact pad 124 and an interconnect trace 210 are
coupled through a direct connection by vial a, which 1s
formed over and aligned with TSV 107. As another example,
contact pad 125 1s extended through a redistribution M1
teature 138, which 1s coupled to an interconnect trace 210
through vialb. In this example, vialb 1s not over and aligned
with TSV 108. The various embodiments of the present
invention are not limited to only direct connections between
TSV contact pads and interconnect traces in the upper inter-
connect layers. It 1s also noted that vias are used to connect the
interconnect traces in the various mterconnect layers, but are
not shown 1n FIG. 1F 1n order to simplily the illustration.
Afterward, an 1solation layer (also sometimes referred to as a
passivation layer) 345 1s deposited over water 10, which may
provide mechanical and chemical protection to the devices
and interconnect traces formed 1n water 10.

Bonding contacts 410, 411 and 412, as shown in FIG. 1G,
are formed by depositing dielectric layer 339, which may
insulate devices and interconnect traces in water 10 from any
other circuitry or devices 1n any wafers bonded to water 10.
Recesses are etched 1nto dielectric layer 339 into which con-
ducting material 1s deposited to form bonding contacts 410,
411 and 412. The insulation material making up dielectric
layer 339 1s removed or etched to reveal bonding contacts
410, 411 and 412 slightly elevated above the top of dielectric
layer 339. Bonding contacts 410, 411 and 412 may be ¢lec-
trically coupled to conductive traces 310 through vias 347 in
isolation layer 345.

It should be noted that bonding contacts 410, 411 and 412
are not limited to the positions 1n relation to conductive traces
310 in the top interconnect later, as illustrated 1 FIG. 1G.
However, a connection between bonding contacts 410, 411
and 412 and conductive traces 310 should exist 1n some
manner, such as a redistribution layer 350 (FIG. 2), conduct-
ing traces, or the like. The various embodiments of the present
invention are not limited to only direct connection between
bonding contacts and 1nterconnect traces 1n the top intercon-
nect layer.

An adhesive 450 1s applied to water 10, bonding water 10
to a water carrier 500, as shown 1n FIG. 1H. Carrier 500 1s
generally used to provide mechanical support 1n a subsequent
process of thinning a back-side of substrate 100. In one pre-
terred embodiment, carrier 300 may be a glass substrate or a
raw silicon waler having a thickness of 500-1000 microns.

FIG. 11 1s a cross-sectional view of water 10 according to
one embodiment of the present invention. In order to provide
back-side contact points for vias 107 and 108, water 10 1s
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tlipped, substrate 100 1s thinned from a back-side, and por-
tions of substrate 100 are removed through a process, such as
ctching, CMP, or the like, to reveal contact points with vias
107 and 108. In domg so, carrier 500 1s attached to a water
thinning handle jig, which 1s 1n turn attached to a water
t“lmmng mechanism. In removing such portions of substrate
100, vias 107 and 108 slightly protrude from substrate 100.

After the substrate thinning process, the thickness of water 10
1s reduced to a range of about 25 to about 250 microns.

FI1G. 1T 1llustrates the cross-section of water 10 stacked and
bonded to wafer 11. Waler 11 comprises substrate 600,
dielectric layer 624, and 1nsulating layer 626. Substrate 600
may comprise one or more pre-formed semiconductor
devices. Dielectric layer 624 may be used to 1solate intercon-
nect traces formed 1n different interconnect layers, and 1nsu-
lating layer 626 may be used to limit interference between the
various components on either wafer. Waters 10 and 11 are
aligned and bonded together at through via 107 and bonding
pad 607, and at through via 108 and bonding pad 608 to form
stacked wafer 12. A bonding medium, such as copper, tung-
sten, a copper-tin alloy, a gold-tin alloy, an indium-gold alloy,
a lead-tin alloy, or the like, may be applied between the
bonding contacts on the to-be-bonded waters 10 and 11.

In another preferred embodiment, after the thinning pro-
cess 1s performed on substrate 100 (FIG. 11), carrier 500 1s
detached from water 10 and adhesive 450 1s removed. Met-
allization 1nsulator layer 127 1s deposited onto a back-side of
substrate 100 over the protruding edges of through vias 107
and 108, as shown 1n FIG. 1K. Metallization insulator layer
127 comprises layers of mnsulating material with a layer of
liner material to prevent any metals deposited 1n the metalli-
zation process from leaching into wafter 10. Recesses 130 and
131 are then etched from metallization 1nsulator layer 127.
The metallization process results 1n the formation of bonding
pads 132 and 133, as shown in FIG. 1L. A metal, such as
copper, tungsten, aluminum, or the like, 1s deposited over
metallization msulation layer 127, and the excess portions of
metal are then etched or removed through etching or CMP,
resulting in the formation of bonding pads 132 and 133. The
waler thus processed 1s indicated as water 10' in FIG. 1L.

FIG. 1M 1llustrates the cross-section of waiter 11 stacked
and bonded to wafer 10'. Water 11 comprises substrate 600,
dielectric layer 624, and insulating layer 626. Substrate 600
may comprise one or more pre-formed semiconductor
devices, dielectric layer 624 may be used to 1solate intercon-
nect traces formed 1n different interconnect layers, and insu-
lating layer 626 may be used to limit interference between the
various components on either water. Waters 11 and 10' are
aligned and bonded together at bonding pads 607-132 and
608-133 to form stacked water 13. A bonding medium, such
as copper, tungsten, a copper-tin alloy, a gold-tin alloy, an
indium-gold alloy, a lead-tin alloy, or the like, 1s applied
between the bonding contacts on the to-be-bonded waters 10
and 11.

It should be noted that, although waters 10, 10" and 11 are
1llustrated to form a stacked watfer configuration, the specific
walers used herein are not intended to limit the embodiments
ol the present invention 1n any way. In practice, structures 10,
10" and 11 may be either a water or a die, thus the stacked
structure may have a die-to-die bonding configuration, a die-
to-waler bonding configuration, or a walter-to-wafer bonding,
configuration.

It should also be noted that any number of different
devices, components, connectors, and the like may be inte-
grated into walers 10, 10" and 11. The specific devices or lack
of devices that may be illustrated herein are not imtended to
limit the embodiments of the present invention in any way.
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It should be further noted that only a limited number of
active devices, such as devices 101 A-101C, and vias, such as
vias 107 and 108, are shown for the ease of 1llustration and
clanity. However, those of ordinary skill in the art will appre-
ciate that, 1n practice, the integrated circuitry associated with
integrated circuits and stacked die may include millions or
even tens of millions or more active devices and, further, that
interconnect structures may include tens or even hundreds of
conductors or more 1n the uppermost dielectric layers. Simi-
larly, those of ordinary skill in the art will appreciate that each
stacked die will, 1n practice, include dozens or more of back-
side connections, using conductive vias and leads. Also,
stacked die structures in the preferred embodiments may
include dozens or even hundreds or more of bonding contacts
for making electrical connection to an IC package, for
example, although only three bonding contacts 410-412 are
shown.

FIG. 3 illustrates the cross-section of IC package 20 in a
tlip-chip ball grid array (BGA) configuration, which includes
stacked dies of preferred embodiments, such as stacked dies
12 (FIG. 1J) or 13 (FIG. 1M). After the formation of stacked
dies 12 or 13, a large number of bonding contacts, such as
410-412, generally arranged 1n an array form are disposed on
a bonding surface 75. Bonding surface 75 1s attached to pack-
age substrate 50 through solder bumps (e.g., solder balls) 55,
which 1n turn makes an electrical connection to a printed
circuit board (not shown) through package leads 65. It 1s
noted that other IC packaging schemes may be also used to
package stacked dies in the preferred embodiments. As
another example, the stacked dies may be solder-bonded
directly to a printed circuit board. The specific devices or lack
of devices that may be illustrated herein are not imntended to
limit the embodiments of the present invention in any way.

It should be noted that each of the example waters and dies
described and 1llustrated above are meant to provide alterna-
tive implementations of vias, contact pads, and bonding pads
that may be used with various embodiments of the present
invention. In an additional and/or alternative embodiment of
the present invention, any combination of the illustrated
options may be used. The illustrated embodiments are not
intended to limit the implementation of the various additional
and/or alternative embodiments of the present mnvention.

It should further be noted that the different layers described
in the 1llustrated embodiments may comprise various differ-
ent materials depending on the desired function or availability
that the manufacturer determines. The metals used for the
metalized bonding pads may be any suitable metal or alloy,
such as copper, tungsten, aluminum, aluminum-copper, and
the like. Moreover, depending on the desired use or function
of the different dielectric or insulating layers, any such dielec-
tric materials may be used, such as silicon dioxide, silicon
nitride, silicon carbide, silicon oxynitride, and the like. The
present invention 1s not limited to use with only a certain
limited number of compounds and materials.

It should further be noted that the different layers and
recesses 1n the illustrated embodiments may be deposited or
created using any number of a variety of known processes.
For example, creation of the various layers of oxides, dielec-
trics, or other layers may be accomplished through chemical
vapor deposition (CVD), atomic layer deposition (ALD), or
the like. Moreover, removing material from the watfer may be
accomplished through dry or wet etching, chemical mechani-
cal polishing CMP), or the like. The present invention is not
limited to any single such method.

FIG. 4 1s a flowchart 1llustrating example steps executed to
implement one embodiment of the present invention. In step
400, one or more recesses are formed 1n a first water prior to
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formation of semiconductor devices in the water. The
recesses extend from a front-side surface of the water to a
predetermined distance from a back-side surface of the wafer.
Conductive material, such as copper, tungsten, aluminum, or
the like, 1s deposited 1nto the recesses 1n step 410, the con-
ductive material forming the through vias. In one preferred
embodiment, the through vias have a dimension (e.g., diam-
eter) from about 15 microns to about 35 microns and an aspect
ratio from about 2:1 to about 3.3:1. The semiconductor
devices (e.g., CMOS or bipolar devices or the like) are formed
in the water, in step 420. In step 430, an ILD layer 1s deposited
on the front-side surface of the water over the semiconductor
devices and through vias, where the ILD layer 1s made from a
material such as silicon dioxide, silicon nitride, silicon car-
bide, silicon oxynitride, or the like. In step 440, one or more
contacts are formed 1n the ILD layer, where selected ones of
the contacts have an electrical connection to selected ones of
the through vias.

FI1G. 5 1s a flowchart illustrating example steps executed to
implement one embodiment of the present invention. In step
500, a plurality of semiconductor devices (e.g., CMOS
devices) 1s formed on a front-side 1 a first semiconductor
wafer. In step 510, an ILD layer 1s deposited on the front-side
surface of the water over the semiconductor devices, where
the ILD layer 1s made from a material such as silicon dioxide,
PSG@, silicon nitride, silicon carbide, silicon oxynitride, or the
like. One or more recesses are formed 1n the semiconductor
water 1n step 520. The recesses extend through the ILD layer
and the front-side surface of the water to a predetermined
distance from a back-side surface of the wafer. In step 530,
conductive materal, such as copper, tungsten, aluminum, or
the like, 1s deposited into the recesses, forming through vias in
the waler. In one preferred embodiment, the through vias
have a dimension (e.g., diameter) from about 15 microns to
about 35 microns and an aspect ratio from about 2:1 to about
3.3:1. In step 540, one or more contacts are formed 1n the ILD
layer, where selected ones of the contacts have an electrical
connection to selected ones of the through vias.

FI1G. 6 1s a flowchart illustrating example steps executed to
implement one embodiment of the present invention. In step
600, one or more recesses are formed 1n a first water prior to
forming semiconductor devices 1n the water (e.g., FIG. 4), or
alter forming semiconductor devices in the water but prior to
forming interconnect traces above the watfer connecting the
semiconductor devices formed therein (e.g., FIG. 5). The
recesses extend from a front-side surface of the wafer to a
predetermined distance from a back-side surface of the wafer.
Conductive material, such as copper, tungsten, aluminum, or
the like, 1s deposited 1n step 610 1nto the recesses, the con-
ductive material forming the through vias. In the current
embodiment, the through vias have a dimension (e.g., diam-
eter) from about 15 microns to about 35 microns and an aspect
ratio from about 2:1 to about 3.3:1. In step 620, one or more
contacts are formed 1n an ILD layer that 1s deposited on the
front-side surface of the wafer, where selected ones of the
contacts have an electrical connection to selected ones of the
through vias. In step 630, one or more dielectric layers are
deposited over the ILD layer and contacts. Metal traces are
formed 1n the dielectric layers electrically coupling the semi-
conductor devices and through vias. In step 640, one or more
bonding contacts are formed 1n the one or more dielectric
layers, where the bonding contacts have an electrical connec-
tion to the selected ones of the metal traces and/or the through
vias. In step 650, the one or more bonding contacts are aligned
with one or more bonding contacts on one or more bonding
surfaces on the second die or water 1n a stacked die-to-water
or a waler-to-water structure. A bonding medium, such as
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copper, tungsten, a copper-tin alloy, a gold-tin alloy, an
indium-gold alloy, a lead-tin alloy, or the like, 1s applied
between the bonding contacts on the to-be-bonded waters.
The stacked die-to-watfer or stacked waler-to-water struc-
tures may be subsequently diced and packaged, where the one
or more bonding contacts are coupled to an IC package
through solder bumps, which 1n turn makes electrical connec-
tion to a printed circuit board through package leads.

FIG. 7 1s a flowchart 1llustrating example steps executed to
implement one embodiment of the present invention. In step
700, a front-side of a first water 1s attached to a carrier bond
through adhesive, the first wafer having one or more through-
s1licon-via vias (ISVs). A portion of the substrate material on
the back-side of the first water 1s removed 1n step 710 1n order
to expose a back-side connection to the TSV. One or more
back-side bonding contacts are created in step 720 that are
clectrically connected to the exposed back-side connection to
the TSV. The back-side bonding contacts of the first wafer are
aligned and bonded with the bonding contacts of an addi-
tional water i step 730, using a material such as copper,
tungsten, gold, copper-tin alloy, gold-tin alloy, indium-gold
alloy, lead-tin alloy, or the like, that 1s electrically compatible
with the bonding contacts.

Although the present invention and 1ts advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. Moreover, the scope of the
present application 1s not intended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in
the specification. As one of ordinary skill in the art will
readily appreciate from the disclosure of the present inven-
tion, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What 1s claimed 1s:
1. A method of fabricating a stacked integrated circuit (IC)
semiconductor die comprising:

forming one or more recesses 1 a first semiconductor
waler, the first semiconductor water having CMOS
devices formed thereon;

filling the one or more recesses with conducting material to
form one or more through-silicon vias in the first semi-
conductor wafer:

forming one or more bonding contacts on a front-side of the
first semiconductor wafer:;

attaching the front-side of the first semiconductor water to
a carrier, exposing a back-side of the first semiconductor
waler, wherein the carrier provides mechanical support
to the first semiconductor wafer in a subsequent back-
side thinning process;

thinning the back-side of the first semiconductor wafer
until the one or more through-silicon vias are exposed
and slightly protrude the back-side; and

aligning and bonding the one or more through-silicon vias
with corresponding one or more bonding contacts on
one or more bonding surfaces on a second semiconduc-
tor die or wafer.
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2. The method of claim 1, wherein the one or more recesses
have a diameter from about 3 microns to about 50 microns and
an aspect ratio from about 12:1 to about 3:1.

3. The method of claim 1, further comprising:

forming one or more semiconductor devices 1n the first

semiconductor wafer;

forming an inter-layer dielectric (ILD) layer on the first

semiconductor wafer;

forming one or more contact pads 1n the ILD layer making

clectrical contact to the one or more through-silicon
vias;
forming interconnect metal traces in an inter-metal dielec-
tric (IMD) layer over the ILD layer, the metal traces
being electrically connected to the one or more semicon-
ductor devices and the one or more contact pads in the
ILD layer; and

forming a top dielectric layer having the one or more bond-
ing contacts, the one or more bonding contacts being
clectrically coupled to one or more of the metal traces.

4. The method of claim 3, wherein the one or more contact
pads are coupled to the one or more through-silicon vias
through a redistribution conductive layer.

5. The method of claim 3, wherein the step of forming one
or more recesses precedes the step of forming the one or more
semiconductor devices.

6. The method of claim 3, wherein the step of forming one
or more recesses precedes the step of forming 1nterconnect
metal traces.

7. The method of claim 1, wherein the conducting material
used to form the one or more through-silicon vias 1s selected
from the group consisting of: copper, tungsten, aluminum,
gold, silver, and combinations thereof.

8. The method of claim 1, wherein after the step of thin-
ning, the first semiconductor watfer has a thickness of from
about 15 microns to about 250 microns.

9. The method of claim 1, further comprising;

forming a metallization 1nsulator layer on the back-side of

the first semiconductor water after the step of thinning;
and
forming second one or more bonding pads 1n the metalli-
zation insulator layer, wherein the second one or more
bonding pads are electrically connected to the one or
more through-silicon vias and slightly protrude the met-
allization 1nsulator layer.
10. The method of claim 9, wherein the second one or more
bonding pads are electrically coupled to the one or more
through-silicon vias through a second redistribution conduc-
tive layer.
11. A method of fabricating a stacked integrated circuit
(IC) semiconductor die comprising:
providing a first semiconductor wafer having one or more
through-silicon vias formed in a substrate and having
CMOS devices formed thereon;

attaching a front-side surface of the first semiconductor
waler to a carrier, exposing a back-side of the first semi-
conductor water, wherein the carrier provides mechani-
cal support to the first semiconductor waler 1n a subse-
quent back-side thinning;
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thinning the back-side of the first semiconductor wafer
until the one or more through-silicon vias are exposed
and slightly protrude from the back-side;

forming one or more first bonding contacts 1n a metalliza-

tion isulator layer over the thinned back-side of the first
semiconductor wafer, the one or more first bonding con-
tacts being electrically coupled to the one or more
through-silicon vias;

providing a second semiconductor work-piece having one

or more second bonding contacts on a bonding surface of
the second semiconductor work-piece; and

aligning and bonding the one or more first bonding con-

tacts on the first semiconductor water to the correspond-
ing one or more second bonding contacts on the second
semiconductor work-piece.

12. The method of claim 11, wherein the second semicon-
ductor work-piece comprises a semiconductor wafer, and
wherein the step of bonding results 1n a water-to-water bond-
ing configuration.

13. The method of claim 11, wherein the second semicon-
ductor work-piece comprises a semiconductor die, and
wherein the step of bonding results 1n a die-to-water bonding
configuration.

14. The method of claim 11, wherein the one or more
through-silicon vias has a diameter from about 3 microns to
about 50 microns and an aspect ratio from about 12:1 to about
3:1.

15. The method of claim 11, wherein after the step of
thinning, the first semiconductor wafer has a thickness of
from about 15 microns to about 250 microns.

16. The method of claim 11, wherein conducting material
used to form the one or more through-silicon vias 1s selected
from the group consisting of: copper, tungsten, aluminum,
gold, silver, and combinations thereof.

17. The method of claim 11, further comprising:

forming one or more semiconductor devices 1n the first

semiconductor water; and

forming one or more second bonding contacts on the front-

side of the first semiconductor wafer, the one or more
second bonding contacts being electrically coupled to
the one or more semiconductor devices and the one or
more through-silicon vias through one or more intercon-
nect metal traces 1n an inter-metal dielectric (IMD) layer
over the first semiconductor wafer.

18. The method of claim 17, wherein forming the one or
more semiconductor devices in the first semiconductor water
are performed after the formation of the one or more through-
s1licon vias.

19. The method of claim 17, wherein forming the one or
more semiconductor devices in the first semiconductor water
are performed prior to the formation of the one or more
interconnect metal traces.

20. The method of claim 17, further comprising:

bonding the one or more second bonding contacts on the

stacked integrated circuit die to an IC package substrate
through a plurality of bumps 1n a flip-chip IC packaging
configuration.
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